A systematic study of the genus Ormyrus (Chalcidoidea, Ormyridae) was conducted based on the morphology and biology of the terminal-instar larvae of ten west European species that are parasitoids of gall wasps and gallflies of the families Cynipidae, Eurytomidae and Tephritidae. The first detailed descriptions are provided of the terminal-instar larvae of these ten species using SEM images to illustrate diagnostic characters with systematic values. A key is provided for the identification of ormyrid larvae associated with galls in Europe, which is based particularly on characters of the head, mouthparts and mandibles. Although only limited informative variation in body shape was found, the setation of the head provided several characters of potential taxonomic value. The larval biology of the ten ormyrid species inhabiting different galls is also summarised. Although Ormyrus larvae are usually solitary idiobiont ectoparasitoids of the host larva of various gall-inhabiting insects, evidence of secondary phytophagy was observed in some species.
Introduction
The superfamily Chalcidoidea is the second largest superfamily of parasitoid Hymenoptera (Sharkey and Fernandez 2006 , New 2012 , Noyes 2016 ) and includes 22 different extant families (Heraty et al. 2013 , Noyes 2016 . Within the Chalcidoidea, Ormyridae is a small family with a worldwide distribution that is composed of approximately 140 species in 3 genera. The genera Eubeckerella Narendran and Ormyrulus Bouček are monotypic, and the third is the large genus Ormyrus, which includes the other species (Aguiar et al. 2013 , Noyes 2016 . Ormyrus is the only genus found in the Palaearctic region (Zerova and Seryogina 2006) .
The ormyrids are chalcidoids that are morphologically well characterised by their usually bright metallic colours, coarsely crenulated sculpture of the metasoma, welldeveloped hind coxae, short stigmal veins and two stout and curved metatibial spurs.
The family has never been catalogued or revised worldwide. References to European and Palaearctic faunas of Ormyridae are found in Erdös (1946) , Bouček (1970) , NievesAldrey (1984) , Doganlar (1984; 1991a, b) and Askew (1994) . Zerova and Seryogina (2006) revised and keyed the Palaearctic species of Ormyrus, and subsequently, a few new species from this zoogeographic region were recently described (Lotfalizadeh et al. 2012; Zerova and Seryogina 2014a, b; Zerova et al. 2012 Zerova et al. , 2015 . Hanson (1992) studied the Nearctic fauna of Ormyrus, and Narendran (1999) revised the Indo-Australian fauna.
The larval ormyrids are typically solitary idiobiont ectoparasitoids of various gallforming insects. Most Holarctic species are associated with gall wasps (Hymenoptera, Cynipidae) in temperate regions, with some species linked to gall midges and gallflies (Diptera: Cecidomyiidae and Tephritidae, respectively) (Bouček 1977 , Nieves-Aldrey 1984 , Askew 1994 , Zerova and Seryogina 2006 , Noyes 2016 . The galls of eurytomids (Chalcidoidea, Eurytomidae) in Spain and also those of gall-making weevils (Coleoptera, Curculionidae) in China Blasco-Zumeta 1998, Yao and Yang 2004) are also parasitized by one Ormyrus species. In tropical areas, primarily in the Afrotropical and Oriental regions, some species of Ormyridae are parasitoids of the inhabitants of fig wasp galls (Chalcidoidea, Agaonidae) on Ficus trees (Bouček et al. 1981 , Narendran 1999 , van Noort 2004 , Rasplus et al. 2011 ). According to Simon Van Noort (pers. comm.), Ormyrus species are likely parasitoids or inquilines of Eurytomidae or Epichrysomallinae (Pteromalidae) that instigate fig gall formation or modify other galls.
Twenty-nine ormyrid species have been recorded in Europe, of which only seven are relatively common and widely distributed in western Europe, whereas three species, O. salmanticus, O. monegricus and O. cupreus, are restricted to the Iberian Peninsula. Approximately 75% of the European species of Ormyrus are associated with galls of Cynipidae on herbs or oak trees, with the other species linked to gall midges (Cecidomyiidae), gallflies (Tephritidae) and eurytomid galls (Eurytomidae).
Taxonomy and classification of the Ormyridae is based almost entirely on the morphological characters of the adults, with molecular data for this family remaining virtually absent (but see . Given the relative uniformity of external morphological characters of the species of Ormyrus, biological data such as host insect species and host plant species are essential for the characterisation and identification of the species. Moreover, cryptic species have been identified in some groups of Ormyrus among the species associated with oak gall wasps (Hernández Nieves 2007, Graham Stone pers. comm.) . However, biological data on associated plant and insect hosts are sporadic and therefore are of limited value in taxonomic approaches with Ormyridae. Phenological data, patterns of parasitism and general biological data of Ormyridae are far from complete and remain unknown for many of the European species.
Studies on the immature stages of Ormyridae are scarce or rare in the literature. Parker (1924) and Parker and Thompson (1925) are the oldest references for Ormyridae larvae. Parker (1924) contains a drawing of an ormyrid egg spiracle, whereas in Parker and Thompson (1925) , ormyrids are included in a group with the Eulophidae, Elasmidae and two genera of the family Torymidae (Megastigmus and Callimomus). The group included ectoparasitic larvae with a well-defined head, thirteen body segments, an integument without pigmentation, and a barely sclerotized body with short setae or that is glabrous and four spiracles between segments II and VI. Since these classic works, only a few further papers have been published that contain information on larval morphology of the family Ormyridae. Rivosecchi (1958) provided the first detailed description of an ormyrid species, Ormyrus hungaricus Erdös (= Ormyrus orientalis Walker), which is a parasitoid of gallflies (Tephritidae) in flower heads of Asteraceae species. Later, Sellenschlo and Wall (1984) included descriptions of immature stages of Ormyridae, and Askew and Blasco-Zumeta (1998) described the larvae of Ormyrus cupreus. More recently, Vardal et al. (2016) provided the first data on the ovarian eggs for the family Ormyridae. However, no general study addresses the comparative morphology of the terminal larvae of Ormyrus species.
This study is the first comprehensive analysis of the larval morphology of the more common species of Ormyrus of Europe. The work is part of a wider study examining the larval morphology, biology and phylogeny of Chalcidoidea associated with gall wasps in Spain and western Europe. Studies of the larval morphology of Torymidae, Eurytomidae and Pteromalidae are completed (Gómez et al. , 2011 (Gómez et al. , 2013 Nieves-Aldrey et al. 2008; Gómez and Nieves-Aldrey 2012) , and studies of the larval morphology of Eupelmidae and Eulophidae (Gómez and Nieves-Aldrey 2017) . In this paper, we describe the terminal larvae and the biology of ten These species are associated with insect galls on the herbaceous plants, shrubs and trees of several plant families. In this study, we aimed to contribute to the knowledge of immature stages of European ormyrid wasps in two ways. First, we identified and described larval and biological characters that are potentially useful in systematic and phylogenetic morphological work on the family Ormyridae. We used scanning electron microscopy (SEM) focused on the head capsule, mouthparts and mandibles. Second, we developed a key for the identification of terminal larvae of Ormyrus species associated with galls in western Europe.
Materials and methods
Selected taxa and specimens. A total of 135 larval specimens belonging to ten species of Ormyridae was examined. Host galls were collected from a range of plants at sites in Spain. Sampling data are presented in Table 1 . Larvae were dissected out of the galls developing on plants from different families (Asteraceae, Fagaceae, Gnetaceae, Lamiaceae, Papaveraceae and Rosaceae). Host species were identified using keys for the Iberian Cynipidae in Nieves-Aldrey (2001) and other specific key references for non-cynipid galls (Askew 1994, Askew and Blasco-Zumeta 1998) . The identification of host plants species was based on Flora Europaea (Tutin et al. 1980) . Some parasitoid species in the families Eupelmidae, Eurytomidae, Pteromalidae and Torymidae (Hym., Chalcidoidea) associated with cynipid-galls were included in the study for comparative purposes in the systematic analysis of terminal-instar larvae (Table 1 ; Suppl. materials 1, 2).
Sampling and rearing. Samples were collected in the spring and autumn during the last 15 years with more intensive sampling in [2002] [2003] [2004] [2005] [2006] [2007] . Some of the galls from each sample were dissected to obtain larvae, and the remaining galls were kept separately outdoors in the open in labelled bags or were stored in rearing cages to obtain adults for identification. Some larvae from freshly dissected galls were preserved in absolute ethanol, whereas the remainder were allowed to develop to adulthood in small gelatine capsules as described by Shorthouse (1972) . Information on the host galls, galled food plants and collection sites for all ormyrid species in this study are listed in Table 1 . Voucher specimens of all species are deposited in the entomology collections of the Museo Nacional de Ciencias Naturales, Madrid (Spain).
Preparation for morphological studies. Larvae were transferred directly from absolute ethanol to a SEM stub for observation using a FEI Quanta 2000 TM scanning electron microscope at low vacuum without prior fixation or coating, following the method described by Nieves-Aldrey et al. (2005) for Cynipoidea and Gómez et al. (2008) for torymid larvae. Four images of each species were taken: ventral view of the larva, lateral view of the larva, anterior view of the head, and close-ups of the anterior view of the mouthparts. In addition, the right/left mandible was photographed in anterior view for some species, which involved prior dissection from the larval head, separate mounting, and gold coating for normal high vacuum observation under SEM.
Terminology. General terminology used in the larval descriptions follows Vance and Smith (1933) as well as Short (1952) . Our terminology is also consistent with Cutler's (1955) work on Pteromalidae larval head morphology and the referred previous studies of Gómez et al. (2008 Gómez et al. ( , 2011 Gómez et al. ( , 2013 , Gómez and Nieves (2012) and Nieves-Aldrey et al. (2007) on the larvae of Torymidae, Eurytomidae and Pteromalidae. The measurements given in the descriptions were taken from samples preserved in absolute ethanol. Body length was measured as head length plus the combined length of all the remaining segments . The anterodorsal protuberances (adp) described further below were included in the maximum body width measurement. Measurements are given as means with their range in parentheses. The ratio length/width of the body (henceforth L/W) was measured at the 3rd abdominal segment in ventral view. We also measured the ratio of the distance between antennae (SA) to the length of the antero-medial setae of the antennal area (LAA) (henceforth SA/LAA) and also to the distance between the antero-medial setae of vertex (DAV) (henceforth SA/DAV). The relative position of antennae on the head was estimated measuring the distance between the antennae to the anterior margin of clypeus related to the one between them to the upper margin of vertex (henceforth AC/AV). The ratio length/width of the first tooth of the mandible (henceforth L/W 1T) was calculated with the length of the tooth measured from the base to apex and the width measured at its base. The quantitative value of measurements is shown in Table 2 . General terminology used is shown on figures 1 and 2. Systematic analysis: Coding of morphological characters. Ormyrid nomenclature followed Noyes (2016) . Descriptions of the taxa were based primarily on preserved material, but with additional observations from living larvae. To standardise the comparative morphological study, the morphological variation for all the Ormyrus larvae was coded in an observation matrix of character states, which included coding of 28 characters related to external morphology based on SEM images. The list of characters and character states are provided in Suppl. material 1, with the subsequent matrix provided in Suppl. material 2.
Results

Ormyridae Förster, 1856
General larval morphology of Ormyrus
The appearance of terminal-instar larvae of Ormyrus is hymenopteriform (Clausen 1940) and most features are shared with other chalcidoid larvae, especially Eurytomidae, as described below. The body setae are short or almost absent on the abdominal segments, but range from short to moderately long on the thorax and head. As in eurytomids, 5-7 pairs of setae are present on the head capsule (Gómez et al. 2011 (Gómez et al. , 2013 . Both larvae of Eurytomidae and Ormyridae (Chalcidoidea) are superficially similar, and share the same pattern of setae over the head and body, but the mandibles clearly distinguish these two families: they are bidentate and partially visible externally in Eurytomidae, as opposed to simple single-toothed and not visible externally in Ormyridae.
The labrum of Eurytomidae and Ormyridae is also similar in being divided into a medial and two lateral lobes; however, while the medial part of the labrum of Eurytoma is usually divided into five lobes, the medial lobe in Ormyrus is usually undivided or superficially divided into three lobes.
Body segmentation (Fig. 1A, B) . As for other hymenopteriform chalcid larvae, the body consists of the head plus 13 post-cephalic segments. Three segments form the thorax (THS1-THS3) and the remaining ten segments constitute the abdomen including the anal segment (ABS1-ABS9, ANS). Table 2 . Morphological measurements and ratios of studied specimens meaning as follows: body maximun length/width (L/W); head maximun length/width (HW/HL); distance between antennae/length of the antero-medial setae of the antennal area (LAA/SA); distance between antennae/distance between the antero-medial setae of vertex (DAV/SA); distance between the antennae to the anterior margin of clypeus/ distance between the antennae to the upper margin of vertex (AC/AV); maximum length/width of the mandible tooth (L/W 1T). (Fig. 1A ). Body fusiform, relatively short and wide but slightly broader at ABS2-ABS3 level. Anal segment looks wider than long. Body integument whitish, with a pattern of short setae regularly placed in rows.
Species
General morphology in ventral view
General morphology in lateral view (Fig. 1B) . Body ventrally bent, with ventral margin of abdominal segments convex; between THS3 and ABS4 anterodorsal protuberances generally present (adp). Body segments divided in lateral view into three areas: pleural (P), including the spiracles (epc), ventral (V) and dorsal (D), over which body setae are located in three rows respectively, being abdominal setae shorter than the half of the width of an abdominal segment measured at epc level.
Spiracles (Fig. 1B) . The tracheal system is composed externally of nine pairs of lateral spiracles (epc) opening from segment THS2 to ABS7.
Head ( Fig. 2A) . Head usually trapezoid-shaped, broader than high. Upper margin of vertex regularly rounded, with its medial area convex. Antennal area (anr) inconspicuous with the basal region or antennal foramina (af) indistinct; antennae (an) short but always visible on frons (fr), situated in the midway between clypeus (cl) and vertex area (vr). Head with 5-7 pairs of conspicuous setae always present: (i) pair of antero-medial setae on the antennal region (am); (ii) pair of antero-medial setae on vertex (vam); (iii) pair of genal setae (gns) on genae (gr); (iv) pair of clypeal setae (cs) on clypeus (cl); (v) pair of lateral clypeal setae (lcs) situated in lower frontal area (both iv and v with the same length); and (vi) pair of hypostomal setae. Moreover in one studied species (see Ormyrus wachtli later) there is a pair of extra supraclypeal setae. The clypeus (cl) constitutes always a more or less rectangular region with a straight ventral margin situated anterodorsally to the underlip complex (Mpu) and a pair of more or less extended lateral flaps on the sides of labrum (lfsl). The labrum (lb) is divided into . Abbreviations: af, antennal foramina; am, antero-medial setae on the antennal region; an, antenna; anr, antennal area; cl, clypeus; cs, clypeal seate; fr, frons; gn, genal setae; gr, genal region; hr, hypostomal region; hs, hypostomal setae; lb, labrum; lcs, lateral clypeal setae; vam, antero-medial setae of vertex; vr, vertex region B Anterior view of mouthparts. Abbreviations: clypeus (cl); clypeal setae (cs); labrum (lb); lateral flaps of sides of labrum (lfsl); lateral lobe of labrum (lll); lateral clypeal setae (lcs); labral setae (lbs); medial lobe of labrum (mll). The under-lip complex (Mpu) is formed by labium (lbi) and maxillae (mx); maxillary palps (mp); Mpu setae: maxillary setae (ms) and antero-medial labial setae (ul). two lateral lobes (lll) and a medial and undivided piece (mll), which is wider than lateral ones. The labrum bears a pair of labral setae (lbs) situated in its terminal margin.
Mouth parts (Figs 2A, B) . Comprise the mandibles (see below) and the underlip complex (Mpu), which is formed by the hypopharynx (hardly discernible), the triangle-shaped maxillae (mx) and the labium (lbi). In ormyrid terminal instar larvae the labium and maxillae are clearly separated being the last discernible. The maxillary palps (mp) are also conspicuous and visible. Below the maxillae ventrally is the labium, usually concave and collapsed. The maxillae and labium bear two pairs of short setae, often visible: a pair of antero-medial labial setae (ul) and a pair of maxillary setae (ms) on one of the two maxillary palps.
Mandibles (Figs 9, 10, 11) . Ormyrus larvae mandibles are simple, generally covered by labrum and only externally visible in part. Both are usually symmetrical and single-toothed, which is usually sharp and slightly curved on the apex.
Taxonomy. Descriptions of the taxa were based primarily on preserved material but with additional observations from living larvae. The diagnosis of the genus Ormyrus was based entirely on SEM observations and partly on previous work by Rivosecchi (1958) , Sellenschlo and Wall (1984) and Askew and Blasco-Zumeta (1998) . All larval descriptions and the key are new. Ormyrid nomenclature followed Noyes (2016) . The key provided identifies the larvae of the ten species studied in this paper, which represented the core or most common Ormyrus species associated with different gall species in Europe and on the Iberian Peninsula. Some additional characters are annotated in the corresponding figures included in the key, according to the coded morphological characters listed in Suppl. material 1.
Key to the terminal-instar larvae of the commonest Ormyrus species associated with European gall communities. Body short and wide, not abruptly tapering towards anal segment from the middle of the body (Fig. 3C) ; integument of thoracic segments smooth (Fig. 7C ); posterior margin of medial piece of labrum convex (Fig. 9C) Lateral clypeal setae situated slightly above clypeal setae; distance between lateral clypeal setae and clypeal setae, twice the distance separating clypeal setae (Fig. 9D) (Table 2) ; adp present from the second thoracic to fifth abdominal segment, not protruding beyond the dorsal margin of body in lateral view (Fig.  5A) ; integument of the body smooth; thoracic setae longer than abdominal setae but shorter than length of a thoracic segment Head 1.14 broader than long (Fig. 7A) ; vertex concave; distance among vam longer than SA; am situated clearly above the antennae (Table 2 ). On clypeus lcs as long as cs (Fig. 9A) , being both situated at the same level; lll not clearly differentiated and almost merged with medial labrum lobe; posterior margin of labrum straight. Mandibles one-toothed with apex of tooth clearly sharp (Table 2) .
Biology. This species is a common parasitoid in poppy galls of Aylax minor Hartig, 1840 (Hym., Cynipidae) ( Fig. 12A and B) . The species has also been reared from galls of Aylax papaveris and Barbotinia oraniensis on the heads of Papaver ssp. (Askew et al. 2006) . The parasitoid behaviour of Ormyrus capsalis is very similar to the related species Ormyrus papaveris, an idiobiont ectoparasitoid of cynipid larvae (Askew et al. 2006) (Fig. 12C) .
Notably, in some cases, we observed terminal-instar larvae of Ormyrus inside cells of Aylax minor, which apparently were not consumed (Fig. 12D) .
Ormyrus cupreus Askew, 1998
Material examined. ex gall Eurytoma gallephedrae Askew on Ephedra nebrodensis, Spain, Madrid: Monte Pajares, 24.I.04, J. L. Nieves leg (n=1).
Description. n = 1; Body length: 1.5 mm, width: 0.61 mm. Body fusiform, broader at the level of abdominal segments ABS2-ABS3 and tapering posteriorly towards ANS; ANS broader than long (Figs 3B, 5B) ( Table 2) ; adp present from second thoracic to fifth abdominal segment, protruding conspicuously beyond the dorsal margin of body in lateral view, but only at the level of abdominal area (Fig. 5B) ; thoracic and abdominal segments with blister-like sculpture; thoracic setae relatively long, as long as the length of a thoracic segment. Head 1.1 broader than high (Fig.  7B) ; blister-like sculpture extended over the head; vertex concave in the middle; distance among vam as distance SA; am situated clearly above the antennae ( Table 2) . The lcs situated above cs; cs separated from lcs 2.5 as distance between cs (Fig. 9B) . Lateral lobes of labrum almost fused with the medial lobe; posterior margin of medial piece of medial lobe straight. Maxilary palps indistinct. Mandibles unidentated with apex of tooth acute (Table 2) .
Biology. The larva of O. cupreus was described as a specific parasitoid of galls induced by Eurytoma gallephedrae Askew (Chalcidoidea, Eurytomidae) on Ephedra nebrodensis stems (Fig. 12E) . Additionally, from this host, we also reared larvae and adults of O. cupreus from galls on subterranean runners of Ephedra nebrodensis (Fig.  12F ), most likely induced by Eurytoma flaveola (Zerova 1796) , which is a species recorded inducing galls on Ephedra roots in Asia (Zerova 1995) . Askew and Blasco-Zumeta (1998) performed detailed observations on the biology of this species and found O. cupreus is a primary, solitary idiobiont ectoparasitoid of the larva of E. gallephedrae, also attacking the adult Eurytoma at times or as a hyperparasitoid attacking larvae of the eupelmids Brasema and Eupelmus. These authors also reported cannibalistic behaviour. Because the remains of an adult Eurytoma were found jointly with a larva of O. cupreus, we confirmed the observations of Askew ( Fig. 12G and H) . (Table 2) ; adp present from second thoracic to fifth abdominal segment protruding beyond the dorsal margin of body in lateral view (Fig. 5C) ; integument smooth; thoracic setae relatively long, abdominal setae shorter. Head 1.12 times wider than high (Fig. 7C) ; integument of genal area with blister-like sculpture; vam more separated than distance SA; am situated slightly above antennae (Table 2) .
On clypeus lcs situated at the same level of cs; lateral lobes of labrum strongly remarked and incompletely fused with the medial lobe; posterior margin of medial piece of labrum convex (Fig. 9C) ; mandible unidentate with the apex slightly visible under lb; tooth acute (Fig. 11B) .
Biology. The species is a common parasitoid reared from cynipid galls of Liposthenes kerneri (Wachtl) on fruits of Nepeta ssp. (Lamiaceae; Fig. 12I ) (Askew et al. 2006) . Full-growth larva of O. diffinis occupied the entire primary cell of a parasitized gall after the host larvae was devoured ( Fig. 12J and K) . We observed that larvae of O. diffinis inside galls apparently entered prolonged periods of diapause, without causing normal pupation and adult emergence after the winter diapause period. Moreover, live terminal-instar larvae of O. diffinis were found in galls dissected two years after collection. The data indicate that O. diffinis is an idiobiont ectoparasitoid with a univoltine life cycle that is synchronized with the emergence and growth of their host galls on species of Nepeta. The insects emerge in the second year when the new galls are available again on the host plant. This species has also been reared from galls of Neaylax salviae and N. nemorosae on different species of Salvia (Lamiaceae) and from those of Rhodus cyprius on Salvia triloba (Lamiaceae) (Askew et al. 2006) . Description. n = 11; Body length: 2.22 ± 0.63 mm (min-max: 1.40-3.60 mm), width: 1.28 ± 0.31 mm (min-max: 0.67-1.87 mm). The species differs from O. capsalis in the following characters: head 1.1 times as wide as high; genal area, vertex and first thoracic segment with blister-like sculpture; antennae mid-situated in anterior view of Table 2 ).
Biology. Larvae of O. gratiosus are oligophagous idiobiont ectoparasitoids of species of Isocolus that induce galls on flower heads of Centaurea and Serratula species (Asteraceae) (Askew et al. 2006) . Additionally, the species has been reared from the galls of Diastrophus mayri on Potentilla argentea (Rosaceae). Our examined material was from dissected galled achenes of the flower heads of Centaurea scabiosa in Spain (Fig. 13A, B , and C). Description. n = 2; Body length: 4.28 ± 0.87 mm (min-max: 3.67-4.90 mm), width: 2.13 ± 0.18 mm (min-max: 2.00-2.25 mm).
Ormyrus nitidulus (Fabricius
The larva of this species is the largest among all the European species. Is quite similar in most diagnostic characters to the larvae of the related species O. pomaceus, being differentiated by its large size and the blister like sculpture much less conspicuous. Other diagnostic characters are as follows: body short and wide, not tapering towards the anal segment. Setae of thoracic segments shorter than ½ length of a thoracic segment; ratio AC/AV 0.77, the shortest among all the studied species (Table 2) ; anteromedial seatae of antennal area short, 0.3 as long as distance among antennae; lcs separated from cs 0.7 times the distance between cs; maxillary palps conspicuous (Figs 3E, 5E, 7E; Table 2 ).
Biology. The species O. nitidulus is a member, with the closely allied O. pomaceus, of the parasitoid community associated with oak gall wasps (Hymenoptera, Cynipini). The two species were reared from more than 50 different species of cynipids associated with Quercus species in the west Palaearctic (Askew et al. 2013 ); however, O. nitidulus is not as common and is less polyphagous than O. pomaceus. In contrast to the closely related species O. pomaceus, O. nitidulus prefers to attack the large galls of asexual generations of heteroecic species of Andricus. On the Iberian Peninsula, O. nitidulus was reared primarily from galls of Andricus hispanicus (Fig. 13D , E, and F) and the asexual generation of Andricus grossulariae. Our observations of dissected galls showed the larva of O. nitidulus was a primary ectoparasitoid of the galling inducer. In the host galls of Andricus hispanicus, the larvae always occupied the host central larval chamber, not the secondary cells occupied by inquilines.
Ormyrus orientalis Walker, 1871
Material examined. ex gall of an undetermined Tephritidae (Diptera) on Microlonchus salmanticus, Spain, Salamanca: La Flecha (23/X/02), J. L. Nieves leg (n = 1).
Description. n = 1; Body length: 2.35 mm, width: 1.35 mm Body fusiform, short and wide, slightly wider at the level of ABS2-ABS3, but not tapering abruptly towards ANS (Fig. 3F) (Table 2) ; body segments with conspicuous blister-like sculpture; thoracic setae relatively long, clearly shorter than abdominal setae. Head 1.14 as wide as high (Fig. 7F) ; face integument smooth; medial area of vertex regularly convex; antennae situated at mid distance among vertex and ventral margin of clypeus; ratio AC/AV 1.22; am situated at the same level of antennae; antennal setae 0.4 as long as distance among antennae (Table 2) .
On clypeus lcs situated at the same level of cs, both equal in length (Fig. 9F) ; lateral lobes of labrum inconspicuous and almost fused with the medial lobe; posterior margin of the medial piece of labrum straight; mandibles unidentated with the apex of tooth acute (Table 2) .
Biology. In contrast to most European species of Ormyrus, the larvae of O. orientalis attack dipteran galls induced by tephritids (Diptera, Tephritidae) in the heads of different species of Asteraceae. On the Iberian Peninsula, tephritid galls containing O. orientalis were found on Microlonchus salmanticus (Asteraceae) (Fig. 13I) , and the species was also reared from galls of Myopites limbardae Schiner (Tephritidae) on Inula viscosa (Asteraceae) (Fig. 13G and H) . Based on our unpublished data from Malaise traps and sweep net samples, O. orientalis was one of the most abundant ormyrid species in many habitats on the Iberian Peninsula; consequently, the list of hosts could be wider than that reported in the literature and in the data of the authors. Description. n = 8; Body length: 1.88 ± 0.24 mm (min-max: 1.53-2.13 mm), width: 0.94 ± 0.19 mm (min-max: 0.67-1.20 mm). This species is similar to Ormyrus capsalis from which may be distinguished in the body fusiform, slightly wider at the level of body segments ABS2-ABS3, tapering towards the ANS (Figs 4A, 5F ) and the anteromedial setae of antennal area being relatively short, <0.3 the distance among antennae. Other descriptive diagnostic characters as follows: thoracic setae short; head 1.07 times wider than high (Fig. 8A) ; face integument smooth; antennae situated at mid position in the face; am short and situated above antennae (Table 2) . On clypeus lcs situated at the same level of cs, both equal in length but short and inconspicuous (Fig. 9G) ; lateral lobes of labrum conspicuous and clearly separated from the medial lobe; mandibles with a single tooth with acute apex (Fig. 11E) .
Ormyrus papaveris
Biology. The larvae of O. papaveris are common ectoparasitoids in poppy galls of different Aylacini (Cynipidae) species, primarily Aylax papaveris and Barbotinia oraniensis (Figs 13J and K; 14A) , and attack the host in the early stages of development (Askew et al. 2006) . We observed the remains of the host larva on the body of a mature ormyrid larva (Fig. 14C) . The host larval chamber of Barbotinia oraniensis was normally spherical and regular (Fig. 14B) ; however, when O. papaveris attacked the host, the chamber was shorter and irregular (Fig. 14C) . The larva of O. papaveris moved inside the host gall larval cell touching the gall chamber walls with their mandibles, which suggested that during the terminal larval stage, O. papaveris might exhibit a similar phytophagous behaviour to that of Eurytoma species inhabiting galls Blasco Zumeta 1998, La Salle 2005) . In the galls of Aylax papaveris, the host larval cells were regularly ellipsoidal and were coated with a thin scum, whereas the cells attacked by ormyrid larvae were larger, more irregular and lacked the thin scum. Because we observed "in vivo" in dissected galls, the phytophagous behaviour of the Ormyrus larvae during their final larval stage caused the change in gall morphology. Description. Ex gall Andricus grossulariae asex., on Quercus faginea, n = 1; Body length: 2.73 mm, width: 1.67 mm; ex gall Plagiotrochus fusifex on Quercus coccifera, n = 1; Body length: 1.13 mm, width: 0.53 mm; ex gall Plagiotrochus razeti on Quercus The morphology of the terminal larva of this species is very similar to that of the Ormyrus nitidulus larva. The larvae of O. pomaceus from galls of Andricus and Trigonaspis species were distinguished from those of O. nitidulus by the following characters: integument of thoracic and abdominal segments with conspicuous blister-like sculpture; distance among vertex setae longer than the distance between antennae; am 0.47 as long as the distance between antennae; lcs situated above the level of cs, being separated from cs by 1.2-fold the distance between cs; and maxillary palps not visible (Table 2) .
For the O. pomaceus larvae that inhabited Plagiotrochus galls ( Figs 4C, 6B, 8C , and 10A), the differences between O. pomaceus ex Andricus and ex other host genera, such as Trigonaspis (Figs 4B, 6A, 8B , and 9H), were the following: am shorter in length than the separation between antennae (Table 2 ) and maxillary palps conspicuous.
Biology. Ormyrus pomaceus is a polyphagous ectoparasitoid that attacks more than 56 different cynipid galls on Quercus trees (Figs 14F and I; 15D and E) (Askew et al. 2013) . Nevertheless, results from ongoing unpublished molecular studies clearly indicate that O. pomaceus includes a complex of sibling or cryptic species that are segregated according to cynipid hosts, host plant species and ecological preferences (Hernandez Nieves et al. unpublished, Stone pers. comm.) . On the Iberian Peninsula, among the most regular host species of O. pomaceus, we found the asexual generations of Andricus grossulariae ( Fig. 14D and E) and A. pictus ( Fig. 14G and H) , Trigonaspis mendesi ( Fig. 14J and K) and T. brunneicornis ( Figs 14L and 15A) on Quercus pyrenaica and Q. faginea and the galls of asexual species of Plagiotrochus on Q. ilex and Q. coccifera ( Fig. 15B and C) . Description. n = 41; Body length: 1.69 ± 0.39 mm (min-max: 1.13-2.53 mm), width: 0.84 ± 0.22 mm (min-max: 0.47-1.27). Body fusiform, abdominal segments tapering abruptly towards ANS ( Figs 4D, 6C) ; adp strongly remarked; integument of abdominal segments smooth but with blister-like sculpture extended in part of thoracic segments; setae on thoracic segment long, not longer than length of a thoracic segment, shorter on abdominal region. Head 1.03 as wide as high (Fig. 8D) ; integument on the face smooth; vertex concave; an situated at mid position in the face; vertex setae equally separated than the distance between antennae; am situated at the same level of an; am short, 0.22 times as long as the separation between antennae (Table 2) . On clypeus lcs situated at the same level of cs, both equal in length (Fig. 10B) ; lateral lobes of labrum slightly differentiated and almost fused with the medial lobe; posterior margin of medial lobe of labrum straight; mandibles unidentated; tooth apex acute (Table 2 ). Biology. This species is extremely host-specific and is exclusively associated with galls on the runners and roots of Potentilla reptans (Rosaceae) induced by Xestophanes potentillae (Retzius) (Fig. 15H and I) (Askew et al. 2006 ). On the Iberian Peninsula, two forms of the galls were found. One form was on stems or runners close to or beneath the soil surface that consisted of round swellings (Fig. 15G) , and the others formed on subterranean rhizomes (Fig. 15F) .
Ormyrus rufimanus
In the first stages, the larva of O. rufimanus and the paralyzed host larva co-occurred; in later stages, the remains of the host larva appeared on the ventral surface of the O. rufimanus larva. In dissected galls, the larvae of O. rufimanus were extracted from irregularly shaped larval gall cells, which indicated that vegetal material was consumed at the terminal larval stage, as observed with other Ormyrus species such as O. papaveris. Based on additional observations, we found larvae of Eupelmus vesicularis (Chalcidoidea, Eupelmidae) were hyperparasitoids of O. rufimanus pupae. Description. n = 1; Body length: 1.67 mm, width: 0.80 mm. The larva of this species is similar to the larva of O. diffinis, from which may be distinguissed as follows: body fusiform, wider at the level of segments ABS2-ABS3, tapering progresively towards ANS; anal segment wider tan length; adp absent; integument of the abdominal and thoracic segments blister-like. Head 1.18 as wide as high ( Fig. 8E ) with blisterlike sculpture extended on all the head; antennae situated at mid position in the face; ams situated clearly above the antennae; lateral lobes of labrum almost fused with the medial lobe; ventral margin of medial lobe of labrum straight (Fig. 10C) .
Ormyrus wachtli
Biology. The larva of O. wachtli is a solitary ectoparasitoid of larvae of cynipids, inducing galls on fruits of Salvia (Lamiaceae). Along the Iberian Peninsula and in southern Europe, the species is associated with galls of Neaylax salviae (Giraud) on Salvia lavandulifolia (Fig. 15L) and Neaylax verbenacus (Nieves-Aldrey) on Salvia verbenaca ( Fig. 15J and K) (Nieves-Aldrey 2001 , Nieves-Aldrey and Askew 2002 , Askew et al. 2006 . The species has a bivoltine life cycle.
Discussion
As discussed in published studies on other families of Chalcidoidea (Gómez et al. , 2011 (Gómez et al. , 2013 Nieves-Aldrey 2012, 2017; Nieves-Aldrey et al. 2008) , the larval characters have potential value in systematic and phylogenetic studies of the group. Moreover, the taxonomy and identification of Chalcidoidea associated with gall-inducing insects is more robust when data on larval morphology of the species are available. In this work, for the first time, the primary morphological traits of larvae of Ormyrus species and their potential value in the systematics of the family Ormyridae of the Chalcidoidea is discussed.
Terminal-instar larval morphology and Ormyrus taxonomy
The larvae of Ormyridae have a combination of traits that differentiate this family from other related chalcidoid families with a similar lifestyle as parasitoids of gall-inducer insects. Compared with larvae of Torymidae or Pteromalidae Gómez and Nieves-Aldrey 2012) , the body setae are relatively short, the abdominal segments are particularly inconspicuous, and the labrum is normally divided into three lobes, with two laterals and one larger, central.
Nevertheless, larvae of Ormyridae resemble those of Eurytomidae in the relative length of body setae, with the thoracic setae relatively longer than those of the abdominal segments (Gómez et al. 2011 (Gómez et al. , 2013 . However, the larvae of Ormyridae have a single-toothed mandible, whereas the larval mandibles of eurytomids are bidentate. Additionally, the labrum of Ormyridae larvae is typically undivided or only has three lobes, whereas that of Eurytomidae larvae is usually divided into five lobes. For many characters, the larva of Ormyridae also resembles the larva of Torymidae and Eupelmidae Nieves-Aldrey et al. 2008; Gómez and Nieves-Aldrey 2017) , although some conspicuous traits permit easy differentiation. First, the ormyrid larvae differ from torymids because of the much shorter abdominal body setae and the lower number of cephalic setae. Second, the larvae of Eupelmidae are easily distinguished from those of Ormyridae by the ventral margin of the clypeus, which is regularly serrate in eupelmid larvae and entire in ormyrid larvae. Finally, Ormyridae are easily distinguished from other chalcidoid parasitoids of galls, such as Pteromalidae and Eulophidae because the terminal-instar larvae of these two families are essentially glabrous Nieves-Aldrey 2012, 2017) .
Species differentiation and relationships related to terminal-instar larval characters
Based on unpublished results of combined morphological and molecular data, three primary clades defined the phylogenetic relationships of European species of Ormyrus, which were mostly congruent with host gall and plant data (Hernández Nieves 2007, Hernández Nieves et al. unpublished) . The first clade was composed of the Ormyrus species that are parasitoids of oak gall wasps (tribe Cynipini), with one species, O. rufimanus, associated with cynipid galls on Xestophanes (Rosaceae) (tribe Diastrophini). The second clade was composed of Ormyrus species that attack cynipid gall wasps on herbs tribes Aulacideini, Aylacini and Phanacidini (Ronquist et al. 2015) . The third clade contained the two Ormyrus species, O. cupreus and O. orientalis, that attack non-cynipid hosts.
The presence or absence of a blister-like sculpture was one larval feature that was moderately congruent with this division. Although the terminal-instar larvae of the Ormyrus species that are parasitoids of herb gall wasps did not present the blisterlike sculpture, the sculpturing was found in the species associated with oak gall wasps (Cynipini) and in O. cupreus, the species associated with eurytomid galls. However, O. wachtli and O. rufimanus were exceptions, although the blister-like sculpture was found on the thorax of O. rufimanus. For O. wachtli, the conspicuous blister-like sculpture is one of the distinctive diagnostic characters, in combination with a pair of supraclypeal setae, which is absent in the other species. Identification of the larvae of Ormyrus species is usually relatively easy based on their host and plant specificity. Nevertheless, for polyphagous species, such as the complex of O. pomaceus and O. nitidulus associated with cynipid galls on Quercus and those species that share hosts, the identification is more difficult. In many cases, the relative size of the larvae of the two species is a useful diagnostic tool because the larvae of O. nitidulus always exceeded 3 millimetres in size and the blister-like sculpture was not as conspicuous as with O. pomaceus. The preference of O. nitidulus for occupying the central cell of the gall, as a primary parasitoid of their hosts, was another useful trait to separate these two species. By contrast, the larvae of O. pomaceus may parasitize inducer and lethal inquilines, both from the genus Synergus, which occupy secondary larval chambers inside the galls.
The morphological characters described in this work on the systematics of terminal-instar larvae of Ormyridae were constant across species within the genus Ormyrus.
The differences among species were not marked, although some small differences in morphological traits allowed the separation of some species or groups of species. We consider the data presented in this study to be a preliminary contribution to increasing information on the immature stages of one of the less studied families of Chalcidoidea. Therefore, the study must be expanded to include larvae of species from other zoogeographical regions and larvae of those species with biological traits different from that of the European species, such as the species associated with fig wasps on Ficus in tropical areas.
Biological traits
Ormyridae are cosmopolitan inhabitants of different ecosystems worldwide, although the highest diversity is reported in Holarctic and Australasian regions, with only a few species cited from other zoogeographic regions such as Afrotropical and Neotropical, but these few species are likely a function of a lack of revisions of these faunas (Noyes 2016) .
With reference to the diversity of the genus Ormyrus in the Palaearctic region, the 34 species recorded cover a wide range of insect host species, all of which are associated with different types of galls , Lotfalizadeh et al. 2012 , primarily Cynipidae (Hymenoptera) (Hanson 1992 ) but also Tephritidae and Cecidomyiidae and Agromyzidae/Lonchaeidae (Diptera) (Bouček 1986 ). The exact roles of Ormyrus within specific gall communities remain unknown, but all species are idiobiont ectoparasitoids or hyperparasitoids, even the few Afrotropical and Australasian species, some of which are obligate or facultative parasitoids on fig wasp communities in Ficus plants (van Noort et al. 2007 ). Moreover, many of the undescribed African Ormyrus species are associated with shrub galls on a variety of plant taxa (S. van Noort, pers. comm.) .
Of the ten European species examined in this study, eight species formed part of the parasitoid community associated with cynipid galls, and two were associated with gall tephritids and gall eurytomids. With reference to the species associated with gall wasps, as with the related Torymidae , remarkably, most are parasitoids with a narrow host range. Whereas monophagy is apparently common within the parasitoid community associated with herb gall wasps (tribes Aylacini and Aulacideini), polyphagous species are more common in parasitoid communities associated with galls on Quercus species (cynipid species included in the tribe Cynipini) (Askew et al. 2006 (Askew et al. , 2013 .
Some of the ormyrid species that we studied were dominant in the parasitoid communities associated with their host galls. For example, O. papaveris was the most abundant parasitoid species in galls on poppy heads induced by Aylax papaveris. Similarly, O. gratiosus (attacking Isocolus scabiosae) and O. diffinis and O. wachtli (attacking galls of Liposthenes kerneri on Nepeta and Neaylax ssp. on Salvia, respectively) are the most abundant parasitoid species in those gall parasitoid communities (Askew et al. 2006, Hernández et al. unpublished) . Ormyrus wachtli has a co-dominant relationship with Eurytoma infracta (Eurytomidae), which are the only known parasitoids in galls of Neaylax verbenacus to date and are responsible for more than 80% of gall parasitism in all geographical locations.
Ormyrus cupreus occupies a unique position within the parasitoid community of Eurytoma gallephedrae (Askew and Blasco-Zumeta 1998) . In galls of this eurytomid species on Ephedra nebrodensis, the dominant species is Brasema ephedricola (Eupelmidae). Ormyrus cupreus is recorded as a hyperparasitoid of Eupelmus sp. within the community (Askew and Blasco-Zumeta 1998) , and cannibalistic behaviour has been observed among larvae of O. cupreus.
According to previous molecular and morphological phylogenetic analyses (Hernández Nieves 2007), the evidence is strong that Ormyrus pomaceus includes a complex of cryptic or sibling species. Within this complex, we identified at least three different groups, based on morphological, molecular and biological data. The "plagiotrochus" group consisted of O. pomaceus associated with Plagiotrochus cynipid-galls on Quercus trees section Ilex (specifically Q. ilex and Q. coccifera) and O. pomaceus specimens reared from asexual galls of Plagiotrochus razeti (Fig. 15B) , with these galls also found on runners of Q. ilex. The terminal-instar larva of O. pomaceus f. plagiotrochus is a solitary parasitoid that usually occupied the cynipid gall chamber, which was seldom deformed secondarily ( Fig. 15D and E) . We also found larvae of O. pomaceus in galls of Plagiotrochus fusifex on Q. coccifera (Fig. 15C) .
The "trigonaspis" group was composed of O. pomaceus "sensu lato" specimens that attacked small leaf galls induced by species of Trigonaspis, a genus which is circumscribed primarily on the Iberian Peninsula and is represented by at least three endemic species: Trigonaspis mendesi, T. brunneicornis and T. baeticus (Nieves-Aldrey 2001) . Individuals of O. pomaceus in this group were relatively abundant in galls of Trigonaspis mendesi (Fig. 14J and K) on Quercus faginea and T. brunneicornis on Q. pyrenaica ( Figs 14L and 15A) .
The "pomaceus" sensu stricto group was composed of the core individuals of O. pomaceus reared from the other cynipid-galls on several species of Quercus, with approximately 84 different cynipid host gall species recorded (Askew et al. 2013) , excluding the species of Plagiotrochus and Trigonaspis (Fig. 14D, E, F, G, H, and I) .
The larvae of O. pomaceus sensu stricto were located in dissected galls of asexual generations of A. pictus (Fig. 14G, H, and I ) and A. grossulariae (Fig. 14D, E, and F) , and the larvae are either parasitoids of the cynipid larvae or the gall maker or the lethal inquiline of the genus Synergus.
The community of ormyrid parasitoids of cynipid galls is usually composed of solitary ectoparasitoids. Notably, in this work, we reported some cases of secondary phytophagy in several ormyrid species. For example, the larvae of O. papaveris were observed moving inside the gall cell and touching the walls with their mandibles, which was similar to the behaviour of O. rufimanus; as a result, the gall cells became larger and deformed. Larval phytophagy has been described for some species of Eurytomidae (Crosby 1909; Bugbee 1941; Zerova, 1981 Zerova, , 1993 Bouček 1988; Henneicke et al. 1992; Dawah and Rothfritz 1996; Askew and Blasco-Zumeta 1998; La Salle 2005; Gómez et al. 2011 Gómez et al. , 2013 , but this behaviour had not been previously recorded in the Ormyridae. 
Conclusions
The external morphology of final instar ormyrid larvae has been documented and the potential use of the characters in the taxonomy and systematics of this poorly studied Chalcidoidea group explored. Our data will assist in the reliable identification of the species of this chalcidoid family during studies of cynipid gall communities and food webs in which the accurate identifications of species are of great importance. However, much further work is required, including investigations of a wider selection of ormyrid species and descriptions of the other immature stages, in addition to more detailed observations of their parasitic behaviour.
